Background: Several components of the Swedish alcohol policy, e.g., pricing and availability, weakened when Sweden joined the EU in 1995. To counteract the possible negative effects of this, emphasis was placed on the local level as an important arena of alcohol prevention. Thus, considerable efforts were made to strengthen alcohol prevention in Swedish municipalities. Objectives: The aim of this study was to examine whether local alcohol prevention reduced consumption and alcohol-related harm in Swedish municipalities. Methods: Alcohol prevention was monitored using a composite measure called the Alcohol Prevention Magnitude Measure (APMM), with subcategories of staff and budget, inspections and licenses, policy, activities, and cooperation. APMM and its categories were analysed in relation to alcohol consumption and harm over time, [2006][2007][2008][2009][2010][2011][2012][2013][2014]. A fixed effects model was used with 63% (N¼182, consumption) and 71% (N¼207, harm) of 290 Swedish municipalities, respectively, included in the analyses. Results: The main results suggest that when APMM increases with 1 percent, the alcohol-related mortality decreases with 0.26 percent, controlled for changes in population size, median income, unemployment, and post-secondary education. In light of this result, the estimated effect of APMM on alcohol consumption (sales) is small (0.02 percent decrease); possible explanations for this are discussed in the article. Conclusion: The overall results indicate that local alcohol prevention initiatives in Sweden have reduced some forms of alcohol-related harm, not least alcohol-related mortality, during the period 2006-2014. Further studies are needed to assess the generalizability of the present study.
Background
Alcohol consumption and mortality due to alcohol consumption are quite low in Sweden compared with other countries in Europe (World Health Organization, 2018) . Nevertheless almost six percent (446,000 individuals) have been assessed (in 2013) to be dependent on alcohol or have a harmful alcohol use (Ramstedt, Sundin, Landberg, & Raninen, 2014) . Thus, alcohol consumption cause a great deal of health problems in Sweden.
In the past 15 years, Sweden has placed increasing emphasis on local alcohol prevention initiatives (i.e. interventions) and their importance have repeatedly been expressed in Swedish national alcohol action plans (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (Government proposition 2000 (Government proposition /01:20,01:20, 2000 2005 /06:30, 2005 and strategies (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) (Government proposition 2010 (Government proposition /11:47,11:47, 2010 Government writing 2015 Government writing /16:86,16:86, 2016 . Extensive economic resources have therefore been invested in order to enhance the structure of community-based (local) prevention initiatives and to develop more evidence-based methods and local prevention interventions. Furthermore, several specific nationally supported community intervention projects have been conducted during these years. The source of policy change at the local level is typically the municipality board.
These increased efforts at the local level should be understood in relation to the Swedish EU membership in 1995, which made it difficult to uphold the same degree of restrictiveness in the national alcohol policy as before (Andr easson, 2002; Leimar, Ramstedt, & Weibull, 2013) . One direct consequence of the EU membership was the gradual abolition of the restrictive Swedish import rules on alcoholic beverages from other member states, which increased the availability of cheaper alcohol from abroad. This put pressure on the Swedish government to liberalize the restrictive Swedish policy, in particular the use of high taxes on alcoholic beverages.
Despite the increased efforts in local prevention throughout Sweden, knowledge is limited regarding the effects of these activities on alcohol consumption and related harm. One of the few studies on the topic (Stafstr€ om, 2007) investigated the potential of applying a community-based intervention in one city in southern Sweden (1999) (2000) (2001) (2002) in order to reduce alcohol use among adolescents. Findings from this study support the assumption that a municipality can reduce alcohol use and alcohol-related harm among adolescents by implementing a city policy program including an action plan. Another community trial suggested no effect on either alcohol consumption or related harm in the intervention municipalities (N ¼ 6) compared with the controls (Hallgren & Andreasson, 2013) . However, a recent study of another Swedish community intervention that we conducted (Nilsson et al., 2018) suggested that it might have been effective, since the intervention municipalities (N ¼ 25) showed increased prevention initiatives and reduced alcohol consumption and harm rates relative to the control municipalities. In yet another study, an alcohol prevention index called Alcohol Prevention Magnitude Measure (APMM) was constructed, validated, and used to monitor the development of alcohol prevention among Swedish municipalities (N ¼ 189) . The results from that study revealed that local alcohol prevention initiatives increased in Sweden from 2006 to 2010 and that municipalities supported by national alcohol prevention projects increased their prevention initiatives significantly compared with municipalities that did not get such support (Nilsson, Leifman, & Andr easson, 2015) . However, this study did not assess possible prevention effects on consumption and harm.
To conclude, local alcohol prevention in Sweden has been strengthened significantly in the past 15 years and unique data on local alcohol prevention initiatives are available covering several years, as well as local data on alcohol consumption and related harm.
The aim of this study was to use these local data to analyze if alcohol prevention efforts conducted in Swedish municipalities (measured using APMM) have had any impact on alcohol consumption (sales) and harm rates (traffic accidents, violence, morbidity, mortality) during the period 2006 to 2014.
This present study has an approach that is in parts (statistically, consumption and harm indicators) similar to our previous investigation (Nilsson et al., 2018) , where we analyzed a specific community intervention with national support in Sweden. However, in the present study, we have analyzed the effectiveness of alcohol prevention initiatives more generally and in direct relation to consumption and harm development among a majority of municipalities in Sweden, using the Alcohol Prevention Magnitude Measure (APMM).
As far as we know, there is no other study that has applied a composite prevention measure in order to analyze the impact of "overall" local alcohol prevention initiatives on consumption and harm over time among the majority of municipalities in a country. A recent review Comparative policy analysis for alcohol and drugs: Current state of the field (Ritter, Livingston, Chalmers, Berends, & Reuter, 2016) supports that our approach seems to be the first of its kind. However, there are some similar studies conducted on US states, which have found that stronger alcohol policies are associated with decreased binge drinking (Naimi et al., 2014; Xuan, Blanchette, Nelson, Heeren, Oussayef, et al., 2015) , lower alcoholic cirrhosis mortality rates (Hadland et al., 2015) , lower prevalence of impaired driving (Xuan, Blanchette, Nelson, Heeren, Nguyen, et al., 2015) , and reduced alcohol involvement in fatal motor vehicle crashes (Naimi et al., 2018) . These studies are thus based on the state level, which would be equivalent to the county level (N ¼ 21) in Sweden, a level above the municipalities which are the focus of the present study.
Methods

Study population
The study population was based on prevention data available from Swedish municipalities. Data for the Alcohol Prevention Magnitude Measure (APMM) originated from a yearly webbased survey regarding 1) local drug prevention initiatives and 2) inspections pursuant to the Alcohol Act conducted by the Public Health Agency of Sweden (PHAS). The survey is filled out by municipal prevention coordinators or individuals in similar positions. Survey response rates have improved over the years and in 2014, as an example, 95 percent of all municipalities responded to questions on local drug prevention (Public Health Agency of Sweden, 2015) . Register data on licensed premises were also used in APMM and these were obtained from PHAS. Survey and register data were ordered and delivered from PHAS by email.
We selected municipalities that had APMM data for at least eight of the nine years within the study period, 2006-2014 in order to include as many municipalities as possible with sufficient data. Missing data were replaced by the previous year's data. For the year 2006 (the first year), missing data were replaced by data from 2007, as APMM data are not available prior to 2006. The metropolitan municipalities, Stockholm, Gothenburg, and Malm€ o, were excluded since the PHAS's web survey, which was used to gather the data, was not adapted for municipalities that were divided into districts until 2011. This selection process reduced the sample to 207 municipalities (71%) of the total 290 municipalities in Sweden. Of these 207 municipalities, 128 (62%) had data for the entire study period and the remaining 79 (38%) had missing data for one year, which was replaced by data from the previous year. The study sample (N ¼ 207) comprised (year 2014) 5,476,900 inhabitants (age 15þ, population in municipalities from 2,634 to 172,469) which accounts for almost 68 percent of the total population (age 15þ) in Sweden.
Indicators of prevention
In this study, local alcohol prevention refers to preventive efforts carried out by the municipalities in Sweden. The prevention efforts conducted in municipalities were measured using APMM, which comprises 37 indicators of alcohol prevention initiatives ( Table A1 in the appendix). These 37 indicators were divided into five categories: 1) policy, 2) staff and budget, 3) inspections and licenses, 4) cooperation, and 5) activities. Each of these categories generated 20 points and the total maximal sum was 100 points (5 Ã 20 points). Policy, staff and budget, and cooperation can be seen as prerequisites for activities and they are significantly positively correlated with the subcategory activities. Inspections and licenses do not show any such correlation with any of these subcategories (Nilsson et al., 2015) . This might be because inspections of licensed premises are not always viewed by municipalities as prevention. Such inspections can be conducted by separate units within municipalities. Previous findings suggest that APMM captures real prevention changes (Nilsson et al., 2015) .
Indicators of consumption and harm
Indicators of alcohol consumption and harm used in the study are shown in Table 1 . The selection of indicators followed recommendations from a project group commissioned by the Swedish government to suggest suitable indicators for monitoring the Swedish national alcohol and drug strategy (Government Offices of Sweden, 2013). While our choice of indicators was limited due to lack of data at the local level, they are commonly used in alcohol epidemiology (Leifman, Ramstedt, & € Osterberg, 2002; Rehm & Scafato, 2011; World Health Organization, 2000) . Sales data were used as a proxy for consumption and 182 out of the 207 municipalities in the overall study sample were included in analyses regarding consumption. Municipalities close to national borders, with substantial cross-border trade, and specific tourist municipalities were excluded. The rationale for this is that the sales data are not considered to be a valid indicator of the consumption among the inhabitants in those municipalities. The exclusion criteria were very high sales (approximately double the median value) or very low sales (approximately half the median value) and being known as a municipality with extensive cross-border trade or tourism. Consumption and harm indicators were standardized for age and/or population size per municipality. Certain types of alcohol-related harm, such as alcohol intoxication, are expected to respond more or less directly to changes in alcohol consumption, while a time lag is expected for more chronic outcomes, such as cirrhosis mortality. Even if the total effect is spread over a longer time period in the latter case, there is also a substantial instant impact due to the reservoir effect (Norstr€ om & Skog, 2001) .
Analysis
When pooled cross-sectional time-series data are used for estimating the relationship between two variables (as in the present study), there are two obvious sources of bias that may distort the outcome. One is the possible presence of unobserved community differences that are linked to the dependent as well as the independent variables. The other threat to validity of results is the possibility that X and Y variables have converging (or diverging) time trends that do not reflect a causal relationship, but rather the impact of other factors. To remedy these problems, we used fixed-effects models that included municipality dummies as well as year dummies. This means that only variation over time was explored, and that time trends were controlled (Allison, 2009) . The most basic model looks as follows:
where Y is the output at issue (e.g. alcohol consumption) and APMM is the intervention index. D2-Dn are the municipality dummies, and T2-Tn are the year dummies. The parameter of interest is e, which expresses the association between APMM and the outcome, expressed as an elasticity.
In the actual analyses, the model was extended by including the set of control variables (median income, unemployment, post-secondary education, and population size, see Table 2 for details). Likewise, in some analyses, APMM was replaced by the five intervention categories. Initial analyses suggested that prevention initiatives had an instantaneous effect, as well as a lagged effect of one year (see Tables 2 and 3 in the appendix). To accommodate this, we used a weighted prevention index, calculated as
The control variables were selected as a higher burden of alcohol-related harm is experienced in groups with low socioeconomic status and alcohol consumption is lower in poorer societies (Schmidt, M€ akel€ a, Rehm, & Room, 2010) . Moreover, Swedish municipalities have differing conditions for alcohol and drug prevention. More precisely, large municipalities and municipalities with high median net income or a large proportion of highly educated people often have better conditions for alcohol and drug prevention work (Public Health Agency of Sweden, 2017).
Another complication with cross-sectional time series data is the likely presence of spatial (cross-unit) and serial dependence of the errors, which yields a downward bias of the OLS (Ordinary Least Square) estimates of the standard errors and thus overconfidence in the results. We therefore chose a modeling technique that: (i) accounted for the spatial dependence of the errors by applying the more conservative panel-corrected standard errors suggested by Beck and Katz (Beck & Katz,., 1995) , and (ii) accounted for serial dependence by including panel-specific auto-regressive parameters for estimation of residual autocorrelation.
STATA 14 was used in the main analyses and the syntax command in the main analyses was xtpcse with the correlation option psar1.
Ethical considerations
This study was approved by the regional ethics committee in Stockholm, application 2010/247-31, approved revision 9 April 2015. Table 2 , there were only minor socioeconomic differences between the study sample and all municipalities in Sweden. The municipalities included in the study had somewhat fewer inhabitants and marginally higher levels of income and education. The unemployment rates are almost identical.
Results
As shown in
There were few differences between the study sample and all municipalities in Sweden in terms of prevention, consumption, and harm, see Table 3 . However, prevention levels (APMM points) are higher in the study sample (N ¼ 207). Consumption is lower among municipalities in the study sample (N ¼ 182) compared with the initial sample (N ¼ 207), as well as with all municipalities in Sweden (N ¼ 290). This is explained by the exclusion of municipalities with extensive cross-border trade and tourism (see method), which is also mirrored by the standard deviations for these three samples. The numbers of people treated for an explicit alcohol diagnosis are lower among municipalities included in the study. Figure 1 shows the trends in prevention initiatives (APMM points), alcohol consumption, and alcohol-related harm among the municipalities included in this study. The Table 3 . Prevention, consumption and harm indicators among municipalities in the study and all municipalities in Sweden, 2014.
Prevention, consumption and harm indicators (see also prevention initiatives, according to APMM, increased from 2006 to 2009 (þ9%), thereafter decreased until 2013 (2009-2013: -10%), and increased again in 2014 (þ4%). The trends in subcategories of APMM are presented in the appendix, Figure A1 . Consumption (proxied by sales) increased gradually between 2006 and 2014 (þ17%), whereas the harm indicators show different trends: an increase in the number of patients treated for alcohol-related diagnoses, but a decline in alcohol-related mortality, number of patients treated for liver diseases, assaults, and single-vehicle accidents.
The estimated impact of prevention initiatives on alcohol consumption and related harm is shown in Table 4 .
As shown in Table 4 , the prevention index (APMM), as well as three subcategories (policy, staff and budget, activities), had significant effects on alcohol consumption (measured through sales). APMM had stronger effects than the individual subcategories. An increase in APMM by 1% decreased the alcohol consumption by 0.02% (including the lag effect and controlling for changes in population size, median income, unemployment, and post-secondary education). The subcategory inspections and licenses showed a significant effect in the opposite direction: an increase in inspections and licenses was associated with an increase in alcohol consumption.
APMM also showed a statistically significant effect on mortality: a 1% increase in APMM was associated with a 0.26% significant decrease in alcohol-related mortality. Controlling for the potential confounding variables (population size, median income, unemployment, and post-secondary education) made no difference on the estimated effect size of APMM on mortality. Significant effects, but somewhat weaker, were also observed for inspections and licenses (-0.21%), staff and budget (-0.20%), cooperation, (-0.12%), and activities (-0.11%).
Inspections and licenses also had a statistically significant effect on the numbers of patients treated for an alcohol diagnosis (-0.05%) or liver disease (-0.22%). On the other hand, policy had a significant effect in the opposite direction on the number treated for liver diseases. Finally, APMM (-0.36%) and three subcategoriesactivities (-0.18%), cooperation (-0.08%) and staff and budget (-0.10%)had an effect on nighttime single-vehicle accidents. None of the other estimates were statistically significant.
Discussion
In this present study, we analyzed the effects of local alcohol prevention initiatives on alcohol consumption and alcoholrelated harm in Swedish municipalities. A composite measure of alcohol prevention initiatives (APMM) and established measures of consumption and harm were used in the analyses. As far as we know, this study is unique. No other study has used a composite measure for monitoring local "overall" alcohol prevention initiatives over time in a majority of municipalities in a country and analyzed this in relation to the development of consumption and harm. There is, however, a composite local alcohol policy measure (focusing on underage drinking), constructed for 50 cities in California, but this has not been analyzed in relation to consumption or harm (Thomas, Paschall, Grube, Cannon, & Treffers, 2012) . While our present study focuses on local alcohol prevention initiatives, it should also be mentioned that previous research based on US state level alcohol prevention/policy (Hadland et al., 2015; Naimi et al., 2014 Naimi et al., , 2018 has revealed that state level prevention/policy can be effective for reducing alcohol-related harm. These results are important findings as alcohol prevention/control is performed at state/provincial level in many countries. Such results are also interesting for the local prevention context, as they reveal that subnational alcohol prevention polices can be effective.
This present study is of particular relevance for Sweden, but it might also be interesting for other countries where alcohol prevention is mainly performed at the local/municipal level.
Norway, like Sweden, has invested in coordination and formation of a locally based alcohol policy/prevention structure, while Finland has established networks and partnerships (Karlsson, 2008) . Alcohol prevention is determined partially at municipal level in Denmark as well (Sundhedsstyrelsen, 2018) .
The main findings in our present study were that an increase in local alcohol prevention initiatives in Swedish municipalities was associated with a decrease in alcohol consumption and in alcohol-related mortality, controlled for changes in other possible explanatory variables. However, unlike mortality, most of the effect estimates on the patient outcome indicators showed no significant effect of prevention initiatives. In total, 15 out of 42 effect estimates showed significant preventive effects. Another two showed significant effects in the opposite direction (policy on treated for alcohol liver disease and inspections and licenses on alcohol consumption), whereas the remaining 25 estimates were non-significant.
The inspections and licenses category tended to be effective on several different outcome measures, although these (alcohol-related mortality, treated for liver disease, treated for alcohol diagnosis) are probably strongly linked to each other. Furthermore, the inspections and licenses category is the only one divided into levels of intensity ("prevention dosage"). Thus, this category measures level of prevention initiatives in somewhat greater detail than the other four categories.
When it comes to the unexpected effect of inspections and licenses on consumption (sales), it might be explained by increased inspections at on-licensed premises as a response to drunkenness (see intoxications, Table A2 in the appendix) or other problems at licensed premises. In addition, the sales data used in the study did not include sales at these licensed premises. A tentative explanation for the positive estimate on sales may therefore be that a change in prevention initiatives at on-licensed premises affected the sales at these premises in the opposite direction, but retail sales in the same direction (as prevention initiatives). If sales are reduced on-premises (by increased prevention initiatives), they may in part be substituted by an increase in retail sales.
Another unexpected finding was the effect of policy on occurrence of liver disease. A possible explanation could be that a strengthening in policy is initiated after an increase in alcohol-related problems has become known and it might then take time before policy has been adopted by local decision-makers. On the other hand, policy seems to have an impact on consumption, which further complicates the interpretation. However, when analyzing direct prevention initiatives and lagged prevention initiatives effect of one year separately, no contradictory findings for policy were revealed (see Tables A2 and A3 in the appendix) .
It should be noted that although the results indicated significant effects of prevention initiatives on alcohol consumption and harm, these effects were very small for consumption: an increase in APMM by 1% decreased consumption by 0.02% (about 0.1 centiliter pure alcohol). One possible explanation for the small effect is that significant parts of the total consumption are not included in the analyses (for example, restaurant, travel and smuggling) due to a lack of data. Patterns of consumption (quantity, frequency), which can be important for the development of harm, are also lacking. With regard to mortality, the results showed greater prevention initiative effects: a 1% increase in APMM was associated with a 0.26% significant decrease in alcoholrelated mortality. This means that if APMM were to increase by 10% (about 5.5 points), alcohol-related mortality would decrease by about 2.6%. In absolute terms, 2.6% would correspond to approximately 50 people in Sweden as a whole, as 1,961 individuals died of an alcohol-related diagnosis (The National Board of Health & Welfare, 2018) in Sweden in 2014.
The results of this study might be important for policymakers from several different aspects. The most obvious aspect is that it is important to ensure that local alcohol prevention initiatives increase over time, as they seem to reduce consumption and harm. This requires systematic measurement and analysis of prevention initiatives, consumption and harm to get the best possible decision support for action. It is essential with thorough knowledge in the alcohol field to interpret and analyze prevention initiatives, consumption and harm to understand how they relate and what the various measurements capture or miss. Given the complexity of this topic, it may be important for policymakers to collaborate closely with experts in the alcohol field. One result that is difficult to interpret is for instance prevention initiatives versus consumption (see the results section above), where collaboration with experts might be useful for policymakers' interpretation. In this case, it might be interpreted as local alcohol prevention initiatives seem to marginally reduce alcohol consumption measured via sales, but it is not clear if total consumption is affected as such data are missing. On the other hand, the "real" (i.e. total) consumption reduction should likely be greater (than sales), given that mortality decreases, but how large such reduction might be is impossible to determine at present.
Strengths and limitations
A strength of the research presented here is the innovative approach (mainly APMM), and the fact that it is the first time that prevention initiatives at the local level are comprehensively analyzed in relation to consumption and harm over many years among a majority of municipalities in a country. (An early and very limited version of APMM has been tested and analyzed with simple methods in relation to consumption and harm between two time points, 2002 and 2005 (The Swedish National Institute of Public Health, 2006 .) The results presented here are important for other nations and from a public health perspective, as the efforts at local level were initiated to meet an anticipated increase in alcohol and drug problems after Sweden joined the European Union. However, a limitation of this type of research is that it is difficult to know what prevention efforts are most important (effective) and which groups are most affected. In addition, it should be pointed out that local alcohol prevention initiatives have an inbuilt limitation, namely that municipalities do not have control of one of the most effective means for reducing alcohol consumption: price.
The prevention measure (APMM) used is mainly based on dichotomous data, since information on the dosage or quality of the actual prevention initiatives is very limited. Accordingly, APMM and its subcategories should be seen as a rather rough indicator mainly reflecting the "overall" magnitude of local alcohol prevention initiatives and changes therein over time. However, it seems reasonable that the strongest effects on mortality were noted for the sum of the prevention indicators (APMM), as this reflects the overall magnitude of prevention initiatives among municipalities. APMM contains 37 indicators of prevention divided into five categories. The strongest research support for effectiveness is related to inspections and licenses, but how much more effective or important this category might be than the others is unclear, especially as the staff and budget category is the prerequisite for prevention.
The outcome measures used are standard indicators within the alcohol research field; even so, they are far from optimal (see also Nilsson et al., 2018) . As an example, sales data only covers less than two thirds of the total consumption. In addition, the fact that alcohol is sold in a municipality does not make it certain that it is consumed there, especially not in areas where many inhabitants commute frequently. When it comes to health-care data, they can be affected by policy alterations in, e.g. accessibility to care, the number of inpatient beds, and diagnostic practices. This study only comprised measurements of inpatient data, as outpatient data did not have enough coverage. The number of people treated for liver disease and alcohol mortality rates are based on few numbers per municipality and therefore random variations may cause large relative changes. Measures reflecting alcohol-related violence (assaults) and alcohol in traffic (nighttime single-vehicle accidents) are both prone to underreporting and also affected by police activity and reporting propensity.
Conclusion
Measuring local alcohol prevention initiatives and their possible effects on consumption and harm is a challenge in many aspects. Different prevention efforts may affect various harm and different socio-demographic groups and there may also be delays in prevention effects. In addition, the emergence of alcohol-related harm occurs with varying time lag; some types of harm are acute, such as intoxication, while it takes several years to develop cirrhosis of the liver. It is thus difficult to interpret prevention impact on consumption and harm, especially when studying a variety of prevention efforts and several different outcomes. Still, the overall results indicated that local alcohol prevention initiatives in Sweden seemed to have reduced some forms of alcohol-related harm, not least alcohol-related mortality, during the period 2006 to 2014 in the municipalities in this study.
The results should be seen in the context of a national alcohol policy which is strong in an international comparison (Karlsson, 2014) , in combination with local prevention efforts that have been increased in recent years. The findings should be interpreted with caution, since there are limitations in measures of both prevention activities and outcomes, and that associations found in aggregated data never can be proof of causal association. Number of regular alcohol licenses to the public per 10,000 inhabitants (age 15þ) 0 and 2.5 ¼ 5 p 2.5 < and 5 ¼ 4.5 p 5 < and 7.5 ¼ 4 p 7.5 < and 10 ¼ 3.5 p 10 < and 12.5 ¼ 3 p 12.5 < and 15 ¼ 2. Example of interpretation of results; a 1% increase in APMM is associated with a 0.010% decrease in alcohol consumption controlled for changes in population size, median income, unemployment and post-secondary education. Example of interpretation of results; a 1% increase in APMM is associated with a 0.139% decrease in alcohol-related mortality controlled for changes in population size, median income, unemployment and post-secondary education.
